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(57) The present invention provides a method for 
preparing optically active S-hydroxypentanenitrile with 
high yield. Optically active 3-hydroxypentanenltrlle Is 
prepared by stereoselective ly reducing 3-ketopen- 
tanenltrile by action of an enzyme, which asymmetrically 



reduces 3-ketopentanenltrlle to optically active 3-hy- 
droxypentanenltrile. Also, alkali metal salt of 3-ketopen- 
tanenltriie, which is a stable compound without prob- 
lems regarding storage, can be efficiently obtained. 
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Description 

TECHNICAL FIELD 

5 [0001] The present Invention relates to a process for preparing optically active 3-hyciroxypentanenltrlle. Optically 
active 3-hydroxypentanenitr11e Is a compound that Is useful as a synthetic raw material and an Intenmedlate of phar- 
maceutica! products or agricultural chemicals, which require optical activity. 

BACKGROUND ART 

10 

[0002] As a process for preparing optically active 3-hydroxypentan6nitrIle, known Is the optical resolution method 
(J. Org. Chem., 62, 9165 (1997)), wherein 3-acetoxynltrlle compound which Is a racemic body Is hydrolyzed In the 
presence of thio-crown ether using a lipase derived from Pseudomonas cepacia. However, because this method is an 
optical resolution method, the yield of one enantlomer Is low, that Is at most 50 %, and therefore Is not satisfactory. 

IS Also, because the optical purity of the produced 3-hydroxypentananltrlIe Is low and thio-crown ether Is added to Improve 
the discrimination of an enzyme, industrial operation Is difficult when considering cost and safety. 
[0003] Also, a method for synthesizing 3-ketop6ntanenltrlle, which is used as a raw material for preparing optically 
active 3-hydroxypentanenltrlle in the present invention, Is already known (W094/21617). However, the obtained 3-ke- 
topentanenithle is known to be an unstable compound and to polymerize on its own (Aust. J. Chem., 44, 1 263, (1 991 }). 

^ Therefore, 3-ketopentanenitrile Is difficult to store over a long period of time and difficult to use from an Industrial 
viewpoint. 

[0004] As a result of Intensive studies to develop an efficient process for preparing optically active 3-hydroxypen- 
- tanenltrlle, the present Inventors have newly discovered an enzyme source, which has ability to stereoselactlvely reduce 
and convert 3-ketopentanenttr1le Into optically active 3-hydnDxypentanenltrile. Thus, the present Invention was 
2S achieved. 

[0005] Furthermore, as a result of studies focusing on alkali metal salt of 3-ketopentanenltrile In order to avoid prob- 
lems regarding storage due to unstableness of 3-ketopentanenitrile, a process for efficiently obtaining alkali metal salt 
of 3-ketopentanenltrlle, which Is a stable compound without problems regarding storage, has been discovered. Thus, 
the present Invention was achieved. 

30 

DISCLOSURE OF INVENTION 

[0006] That is, the present Invention relates to a process for preparing optically active 3-hydroxypentanenitr1le rep- 
resented by the following fonnula (1): 

35 



40 




(1) 



45 



wherein an enzyme, which asymmetrically reduces 3-ketopentanenitrile to optically active 3-hydroxypentanenltrile, 
acts upon 3-ketopentanenitrlle represented by the following fonnula (2): 



N (2) 



to obtain optically active 3-hydroxypentanenltrile. 
55 [0007] The enzyme is preferably an enzyme present in b cell, a culture solution or a treated substance thereof of a 
microorganism selected from the group consisting of Arthroascus genus, Candida genus, Cryptococcus genus, Deba- 
ryomyces genus, Dekkera genus, Dlpodascus genus, Geotrlchum genus, Guilllennondella genus, Hyphoplchla genus, 
Issatchenkla genus, Kluwen:)mvces genus, Komagataella genus, LIpomyces genus, Lodderomyces genus, Met- 
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schnlkowia genus. Oqataea genus. PIchIa genus, Rhodotorula genus, Rhodsporldlum genus, Schlzoblastosporlon 
genus, Schwann I omyces genus, Stephanoascus genus, Torulaspora genus, Trichosporon genus, Wllllopsis genus, 
Yan^wla genus, Acldephillum genus, Agrobacterlum genus, Alcallgenes genus, Arthrobacter genus, Brevundlmonas 
genus, Cellulomonas genus, Comamonas genus, Microbacterium genus, Paenlbaclllus genus, Rhodococcus genus, 

5 CIteromyces genus, Achromobacter genus, Corynebacterium genus, Devosia genus, HoTnia genus, Proteus genus, 
Provldencia genus, Pseudomonas genus, Absidia genus, Aegerlta genus, Agrocybe genus, Amylostereum genus, 
Aspergillus genus. Corynascucs genus, Dendryphiella genus. Emericella genus. Fusarium genus. Gibberella genus, 
Glomerella genus, Macrophoma genus. MIcronectiieHa genus. Mo rtlerella genus. Mucor genus, Nannlzzta genus, Pen- 
Icllllum genus, Phlalophora genus, Rhizopus genus, Sclerotlnia genus, Sclerotlum genus and Streptonnyces genus; 

10 and/or a purified enzyme obtained from the microorganism. 

[0008] The absolute configuration of the produced optically active 3-hydroxypentanenltrile Is preferably R-configu- 
ratlon and the enzyme Is preferably an enzyme present In a cell, a culture solution or a treated substance thereof of a 
microorganism selected from the group consisting of Arthroascus genus, Candida genus, Cryptococcus genus, Deba- 
ryomyces genus, Dekkera genus. Geotrlchum genus, GuHllemnondella genus, Issatchenkia genus, Kluyveromyces 

19 genus, Komagataella genus, LIpomyces genus, Lodderomyces genus, Metschnikowia genus, Qgataea genus, Pichia 
genus, Rhodotorula genus, Rhodsporldlum genus, Schwann lomyces genus, Stephanoascus genus, Torulaspora ge- 
nus, Trichosporon genus, Wllllopsis genus, Yarrowia genus, Acldephillum genus, Agrobacterium genus, Alcallgenes 
genus, Arthrobacter genus, Cellulomonas genus, Comamonas genus, Microbacterium genus, Rhodococcus genus, 
Citeromyces genus, Achromobacter genus, Corynebacterium genus, Devosia genus, Hofnia genus, Proteus genus, 

20 Provldencia genus, Absidia genus, Aegerlta genus, Agrocybe genus, Amylostereum genus, Aspergillus genus, Cory- 
nascucs genus, Dendryphiella genus, Emericella genus, Fusarium genus, Gibberella genus, Glomerella genus, Mac- 
rophoma genus, MIcronectriella genus, Mortlerella genus, Mucor genus, Nannlzzia genus, Penlcilllum genus, Phlalo- 
phora genus, Rhizopus genus, Sclerotlnia genus, Sclerotlum genus and Streptomyces genus; and/or a purified enzyme 
obtained from the microorganism. 

25 [0009] The absolute configuration of the produced optically active 3-hydroxypentanenltri!e Is preferably Reconfigu- 
ration and the enzyme Is preferably an enzyme present In a ceil, a culture solution or a treated substance thereof of a 
microorganism selected from the group consisting of Arthroascus Javanensls . Candida cantarelHI , Candida fennlca. 
Candida glabrata . Candida gropenglesseri . Candida kefyr . Candida maris . Candida mellnll , Candida musae , Candida 
pararugosa , Candida plnus , Candida sorbophlla , Candida tenuis , Candida utills , Cryptococcus curvatus , Cryptococcus 

50 humlcoius , Debaryomyces hansenll , Debaryomyces hansenll van fabryl , Debaryomyces hansenll van hansenil , Deba- 
ryomyces marama , Debaryomyces nepalensis . Dekkera anomala , Geotrlchum candidum . Geotrichum eriense . Geot- 
richumfermentans , Gullliennondeilaselenospora , Issatchenkia orl entails , issatchenkia ten^l cola . Kluyveromyces marx- 
lanus, Komagataella pastoris , Lipomyces starkeyi , Lodderomyces elonglsporus , Metschnikowia blcuspldata , Met- 
schnikowia gruessH , Qgataea plni . Qgataea wlckerhamll , Plchla anomala , Pichia canadensis , Plchla Jadinil , Pichia 

35 petersonli . Pichia rhodanensls . Pichia sllvicola . Pichia triangularis . Rhodotorula lactosa . Rhodotorula rubra , Rhod- 
sporidium dlobovatum . Rhodsporldlum sphaerocanjum , Rhodsporidlum toruloldes , Schwann lomyces occldentalis var. 
occidentalis . Stephanoascus crferrii , Torulaspora delbrueckli , Trichosporon cutaneunn , Williopsis satumus var. nnrakii . 
Wllllopsis saturnus var. saturnus , Wllllopsis satumus var. suaveolens . Yarrowia llpolytlca . Acldephillum cryptum . Agro- 
bacterium tumefaclence . Alcallgenes sp.. Achromobacter xylosoxl dans subsp. den Itrif leans . Arth robacter protop horml- 

40 ae, Cellulomonas geilda , Comamonas testosteronl . Microbacterium art^orescens . Rhodococcus equl , Rhodococcus 
erythropoils , Rhodococcus rhodochrous , Candida magnollae , Citeromyces matrltensls , Pichia bispora , Trichosporon 
loubleri var. loubleri , Corynebacterium ammonlagenes , Corynebacteriumflavescens , Devosia ribofiavlna , Hofnia alvel . 
Proteus vulgaris . Providencia alcalifaciens . Absidia coerulea . Absidia hyalospora . Aegerlta Candida . Agrocybe cylyn- 
dracea . Amylostereum areolatum . Aspergillus niger . Aspergillus phoenicis . Aspergillus sojae . Corynascucs sepedo- 

43 nlum . Dendryphleiiasallna . Emericella nidulans var. nidulans . Emericella unguis . Fusarium oxysporum . Fusarium an- 
guloldes , Gibberella fujikurol , Glomerella cingulata , Macrophoma commellnae , MIcronectriella cucumeris , Mortlerella 
Isabetllna , Mortlerella ramannlana van angullspora , Mucor tubercuilsporus . Mucor Inaequlsporus , Nannlzzia gypsea 
var. incurvata , Penlcilllum chemriesium , Penlcilllum expansum , Phlalophora fastlglata , Rhizopus niveus , Rhizopus 
oryzae . Sclerotlnia sclerotiorum . Sclerotlum delphinii , Streptomyces cacao i subsp. asoensis and Streptomyces sp.; 

50 and/or a purified enzyme obtained from the microorganism. 

[0010] The absolute configuration of the produced optically active 3-hydroxypentanenitrile is preferably S-conflgu- 
ration and the enzyme is preferably an enzyme present In a cell, a culture solution or a treated substance thereof of a 
microorganism selected from the group consisting of Candida genus, DIpodascus genue, Geotrichum genus, Hyphop- 
Ichla genus. Kluyveromyces genus, Plchla genus, Schlzoblastosporion genus, Schwann lomyces genus, Brevundl- 

55 monas genus. Paenibacillus genus, Rhodotorula genus, Pseudomonas genus and Streptomyces genus; and/or a pu- 
rifled enzyme obtained from the microorganism. 

[0011] The absolute configuration of the produced optically active 3-hydroxypentanenltrlle Is preferably S-conflgu- 
ratlon and the enzyme Is preferably an enzyme present In a cell, a culture solution or a treated substance thereof of a 



3 



EP 1 452 603 A1 



microorganism selected from the group consisting of Candida albicans . Candida haemulonll . Candida Intemnedla . Can- 
dida maltosa > Candida mogll . Candida oleophila . DIpodascus ovetensis . Dipodascus tetraspenma . Geotrlchum fra- 
grans , Hypoplchia burtonll . Kluyveromyces polysporus , Pichia stipltis , Schlzoblastosporion kobayasll . Schwannlomy- 
ces occldentalls var. occldentalls . Brevundlmonas dimlnuta « PaenlbaclHus alvel . Rhodotorula glutlnis var. dalrenensls . 
5 Pseudomonas stutzeri . Pseudomonas mendoclna , Streptomyces coelescens and Streptomyces hydrogenans ; and/or 
a purified enzyme obtained from the microorganism. 

[0012] Either or both of oxidized nicotinamide adenine dlnudeotide (NAD+) and oxidized nicotinamide adenine di- 
nucleotide phosphate (NADP+) preferably coexists with an enzyme that reduces each to a reduced fomi and a substrate 
for reducing. 

10 [0013] An alkali metal salt of 3-ketopentanenltrlle represented by the following fonnula (3): 



IS 




M 



(3) 



20 



25 



(Wherein M represents an alkali metal) Is preferably used as 3-ketopentanenltrlle. 

[0014] The present Invention also relates to a process for preparing an alkali metal salt of 3-ketopentanenltrlle, which 
comprises synthesizing 3-ketopentanenltrlle from propionic acid ester and acetonltlrle In the presence of an alkali metal 
base; and obtaining 3-ketopentanenltrlle from the reaction system as an alkali metal salt represented by the following 
formula (3): 



30 




(3) 



(wherein M represents an alkali metal). 
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BEST MODE FOR CARRYING OUT THE INVENTION 
[0015] The present invention Is described below. 

[0016] The 3-ketopentanenitrlle used as the substrate of the present invention can be synthesized by the method 

40 described In W094/21 61 7. 

[0017] The enzyme used in the present Invention Is an enzyme that converts 3-ketopentanenltrile Into optically active 
3-hydroxypentanenttrile. Specifically, examples are reductase and dehydrogenase, which reduce a carbonyl group Into 
a hydroxyl group. These enzymes are present in a cell, a culture solution or a treated substance of the cell or are 
purified and in the present invention, these may be used alone or in a combination of two or more kinds. 

^ [0016] A microorganism having ability to convert 3-k6topentanenltr1le Into optically active 3-hydroxypentanenitriie 
can be found, for example, from the method described below. A test tube Is charged with 5 ml of a liquid medium (pH 
7) comprising 40 g of glucose, 3 g of yeast extract, 6.5 g of diammonium hydrogenphosphate, 1 g of potassium dihy- 
drogenphosphate, O.B g of magnesium sulfate heptahydrate, 60 mg of zinc sulfate heptahydrate, 90 mg of Iron sulfate 
heptahydrate. 5 mg of copper sulfate pentahydrate, 10 mg of manganese sulfate tetrahydrate and 1 00 mg of sodium 

50 chloride (all per 1 L) and sterilized. Then, the microorganism is aseptically inoculated and cultured by shaking at 30°C 
for 2 to 3 days. Subsequently, the cells are collected by centrifugatlon and suspended in 1 to 5 ml of a phosphate buffer 
solution containing 2 to 10 % of glucose. The suspension Is added to a test tube In which 2.5 to 25 mg of 3-ketopen- 
tanenltrlle Is added In advance and shaken for 2 to 3 days at 30*'C. At this time, a substance obtained by drying the 
centrif ugallzed cells In a desiccator or by acetone can also be used. 

55 [0019] The microorganism used in the present invention can be any microorganism, as long as the microorganism 
has ability to convert 3-ketopentanenitrile Into optically active 3-hydroxypentanenitrile. Examples are microorganisms 
belonging to Arthroascus genus, Candida genus, Cryptococcus genus, Debaryomyces genus, Dekkera genus, DIpo- 
dascus genus, Geotrlchum genus, Guliliermondeila genus. Hyphoplchia genus, IssatchenkIa genus, Kluyveromyces 
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genus, Komagataella genus, Upomyces genus, Lodderomyces genus. Metschnlkowla genus, Ogataea genus, Pichia 
genus, Rhodotomla genus, Rhodsporldlum genus, Schlzoblastosporlon genus, Schwannlomyces genus, Steph- 
anoascus genus, Torulaspora genus, Trichosporon genus, Wllllopsls genus, Yarrowla genus, Addephlllunn genus, 
Agrobacterlum genus, Alcallgenes genus, Arthrobacter genus, Brevundlmonas genus, Cellulomonas genus, Coma- 

5 men as genus, MIcrobacterlum genus. Paenibacillus genus, Rhodococcus genus, Clteromyces genus, Achromobacter 
genus, Corynebacterium genus. Devosia genus. Hofnia genus, Proteus genus, Provldencla genus, Pseudomonas 
genus, Absldia genus, Aegerita genus. Agrocybe genus. Amylostereum genus, Aspergillus genus. Corynascucs gen us. 
Dendryphlella genus, Emerlcella genus, Fusarlunri genus, GIbberella genus, Glonnerella genus, Macrophoma genus, 
Mlcronectrieila genus, Mortlerella genus, Mucor genus, Nannlzzia genus, Penicllllum genus, Phlalophora genus, Rhiz- 

io opus genus, Sclerotlnia genus, Sclerotlum genus and Streptomyces genus. 

[0020] Partlcularty, when converting Into 3-hydroxypentanenltr1le whose absolute configuration Is Reconfiguration, 
preferable microorganisms are microorganisms belonging to Arthroascus genus, Candida genus, Cryptococcus gen us, 
Debaryomyces genus, Del^t^era genus, Geotrichum genus, Guiiliermondeila genus, issatchenl<ia genus. Kiuyveromy- 
ces genus, Komagataeiia genus, LIpomyces genus, Lodderomyces genus, Metschnll<owla genus, Ogataea genus, 
Pichia genus, Rhodotorula genus, Rhodsporldlum genus, Schwannlomyces genus, Stephanoascus genus, Torulaspo- 
ra genus, Trichosporon genus, WIMIopsIs genus, Yarrowla genus, Acldephillum genus, Agrobacterlum genus, Alcall- 
genes genus, Arthrobacter genus, Cellulomonas genus, Comamonas genus, MIcrobacterlum genus, Rhodococcus 
genus, Clteromyces genus, Achromobacter genus, Corynebacterium genus, Devosia genus, Hofnia genus. Proteus 
genus, Provldencia genus, Absldia genus, Aegerita genus, Agrocybe genus, Amylostereum genus, Aspergillus genus, 

so Corynascucs genus, Dendryphlella genus. Emerlcella genus, Fusarlum genus, GIbberella genus. Giomerelia genus, 
iVIacrophoma genus, Mlcronectrieila genus. Mortiereila genus, i\/lucor genus, NannizzIa genus, Penlciiilum genus. Phi- 
alophora genus, Rhizopus genus. Sclerotlnia genus, Sclerotlum genus and Streptomyces genus. Further preferable 
examples are Arthroascus Javanensis , Candida cantarelill , Candida fen nice . Candida giabrata , Candida gropengies- 
seri , Candida icefyr . Candida maris , Candida meilnii . Candida musae . Candida pararugosa . Candida pinus , Candida 

25 sorbophiia , Candida tenuis . Candida utiiis , Cryptococcus curvatus . Cryptococcus humicoius , Debaryomyces hansenll . 
Debaryomyces hansenll var. fabryl , Debaryomyces hansenll var. hansenll . Debaryomyces marama . Debaryomyces 
nepalensis , Dekkera anomala , Geotrichum candldum , Geotrichum eriense . Geotrichum fennentans , Guiliiennondella 
selenospora , issatchenkia orlentalls , Issatchenkia terrlcola , Kluyveromyces marxlanus , Komagataella pastorls , LIpo- 
myces starkeyl , Lodderomyces elongisporus , Metschnlkowla bicuspldata , Metschnlkowla gruessti , Ogataea plnl , Oga- 
^Q^Q wickerhamli , Pichia anomala , Pichia canadensis , Pichia Jadinll , Pichia petersonli , Pichia rhodanensis , Pichia sll- 
vicoia . Pichia triangularis . Rhodotorula lactosa , Rhodotorula rubra . Rhodsporldlum dioboyatum , Rhodsporidiumsphae- 
rocarpum , Rhodsporldlum toruloides . Schwannlomyces occldentalis var. occidentaiis . Stephanoascus ciferrii , Toru- 
laspora deibrueckil , Trichosporon cutaneum , Wllllopsls saturnus var mrakit , Wllllopsls saturnus var. saturnus , Wllllopsls 
satumus var suaveolens , Yarrowla ilpolytica , Acidephiilum cryptum . Agrobacterlum tumefaclence , Alcallgenes sp., 

^ Achromobacter xylosoxl dans subsp. den Itrif leans , Arthrobacter protophonnlae . Cellulomonas gellda , Comamonas tes- 
tosteroni , MIcrobacterlum arborescens , Rhodococcus equi , Rhodococcus erythropolis , Rhodococcus rhodochrous , 
Candida magnoliae , Clteromyces matritensis , Pichia bispora . Trichosporon loubleri var loubieri , Corynebacterium am- 
monlagenes . Corynebacterium tiavescens . Devosia riboflavlna , IHofnla alvel . Proteus vulgaris . Provldencla alcaiifa- 
clens . Absldia coeruiea . Absldia hyalospora . Aegerita Candida , Agrocybe cylyndracea . Amylostereum areolatum . As- 

^0 perglllus niger . Aspergillus phoenlcis , Aspergillus sojae , Corynascucs sepedonlum . Dendryphlella salina, Emerlcella 
nidulans var niduians , Emerlcella unguis , Fusarlum oxysporum . Fusarlum anguloldes , GIbberella fujlkuro I , Giomerelia 
clngulata , Macrophoma commeiinae . Mlcronectrieila cucumeris . Mortlerella isabeiiina , Mortlerella ramanniana var. an- 
guilspora , Mucor tubercuiisporus , Mucor inaequisporus , Nannizzia gypsea var. incurvata , Peniciilium chermesium . 
Penlciiilum expansum . Phlalophora fastigiata , Rhizopus niveus , Rhizopus oryzae . Sclerotinia sclerotiorum . Sclerotlum 

^ delphlnli . Streptomyces cacaol subsp. asoensis and Streptomyces sp. 

[0021 ] When converting Into 3-hydroxypentanenitrlle whose absolute configuration Is S-conflguratlon, preferable mi- 
croorganisms are microorganlsma belonging to Candida genus, Dlpodascus genus, Geotrichum genus, Hyphoplchia 
genus, Kluyveromyces genus, Pichia genus, Schlzoblastosporion genus, Schwannlomyces genus, Brevundlmonas 
genus, Paenibacillus genus, Rhodotorula genus, Pseudomonas genus and Streptomyces genus. Further preferable 

50 examples are Candida albicans . Candida haemuionii . Candida intenmedia , Candida maltosa , Candida mogii , Candida 
oieophila . Dlpodascus ovetensis . Dlpodascus tetrasperma . Geotrichum fragrans . Hypoplchia burtonli . Kluyveromyces 
polysporus , Pichia stipitis , Schlzoblastosporlon kobayasil , Schwannlomyces occidentaiis var occidentaiis , Brevundl- 
monas dimlnuta , Paenibacillus alvel , Rhodotorula glutlnis var. dalrenensls . Pseudomonas stutzeri . Pseudomonas men - 
docina, Streptomyces coeiescens and Streptomyces hydrogenans . 

55 [0022] When obtaining 3-hydroxypentanenitrne whose absolute configuration is Reconfiguration, specific examples 
of the microorganism are Arthroascus javanensis iF01 848, Candida cantarellii IF01261 , Candida fennica CBS6067, 
Candida giabrata IFO0005, Candida gropenglessert I FO0659, Candida kefyr I AM48ao, Candida marls 1 F01 0003, Can- 
dida mellnil IFO0747, Candida musae IFO 1 582, Candida pararugosa iFO0966. Candida pInus iFO0741, Candida 
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sorbophlla (F01583. Candida tenuis IFO071 6. Candida utills 1FO0639. Crvptococcus curvatus iFO1 1 59, Cryptococcus 
humlcolus CBS2822, Debarvomyces hansenll IFO0063. Debarvomyces hansenll var. fabryl IFO0015. Debaryomyces 
hansenll var. hansenll IFO0032, Debafvomyces marama IFO0668, Debaryomyces nepalensis IFO0039, Dekkera 
anomala IFO0627, Geotrlchum candldum CBS1 87-67, Geotilchum eriense ATCC22311, Geotrtchum femientans 

5 CBS452.83, Gullllennondella selenospora IFQ1650, Issatchenkia orlentalis IFQ1279, Issatchenkia terrlcola IFQ0933, 
Kluyveromyces marxlanus IFO0288, Komagataella pastorls IFO0948, Komagataella pastorls IFO1013, LIpomyces 
stark8yl lFQ0678. Lodderomyces elongisporus IF01676. Metschnlkowia bicuspldata IFQ1 408. Metschnikowiagruessii 
IFO0749, Ogataea pinl IF01342. Ogataea wickerhamll IFO1706. PIchIa anomala IFQ0120. Plchla anomala IFQ0144, 
Pichia anomala IFO01 46, Plchla canadensis IFO0976, Plchla Jadinll IFO0987. Plchla petersonll IF01372, Plchla rho- 

10 danensis IFQ1272, Plchla sitvlcola IFQ0807. Plchla triangularis IFO0836> Rhodotorula lactosa IF01423, Rhodotorula 
rubra IFO0383, Rhodsporldlum diobovatum IFO0688, Rhodsporldlum sphaerocarpum IF01438, Rhodsporidlum toru- 
loides I FO041 3. Schwanniomycesoccldentalls var. occldentalls I F01 840, Stephanoascus clferrll I F0 1 864 , Torulaspora 
delbrueckii IFO0381 , Trichosporon cutaneum ATCC41 51 , Williopsis satumus var. mrakii IFO0895, Wllliopsis satumus 
var. Saturn us IFO0992. Wl I Hops Is satumus var suaveolens I FOG 809. Yarrow! a ilpolytlca IF01741, Acldephlllum cryp- 
turn IF014242, Agrobacterium tumetaclence IF012667, Agro bacterium tumefaclence IF013265, Alcallgenes sp. 
1F01413Q, Achromobacter xylosoxidans subsp. denltrif leans ATCC15173, Achromobacter xylosoxldans subsp. denl- 
trlf leans IF01 2669, Arthrobacter protophonnlae IF01 21 28, Cellulonnonas gellda IF03748, Comamonas testosteroni 
IF01 2048, MIcrobacterlum arborescens IFO3750, Rhodococcus equi JCM1 31 3, Rhodococcus erythropolls I AM1 452, 
Rhodococcuserythropolls IF012536. Rhodococcus erythropolis IF012539, Rhodococcus rhodochrous IF03338, Caiv 

20 dida magnollae I FO0705, CIteromvces matrltensis I FO065 1 , PIchia bispora I FOO 803 , Trichosporon loublerl var. loublerl 
CBS7065, Corynebacterlum ammonlagenes I F0 12072, Corynebacterium flavescens IF014136. Devosia rlboflavina 
IF013584. HoTnIa alvel IF03731, Proteus vulgaris IF03167, Provldencia alcallfaclens IF012931, Absldia coerulea 
IFO4011, Absldia hyalospora IFO8082, Aegerlta Candida IF06988, Agrocybe cylyndracea IFO30299, Amylostereum 
areolatum IF09221 , Aspergillus niger IFO4091 , Aspergillus phoenlcis IFO6670. Aspergillus sojae IFQ4244. Corynas- 

2S cues sepedonium IFO30067, Dendryphlella salina IF08281 , Emericella nidulans var. nidulans IFO4340, Emericella 
unguis IFG8087. Fusarlum oxysporum IF05942, Fusarlum anguloldes IF04467, GIbberella fujikurol IFO6603. Glom- 
erella cingulata IF05257, Macrophonna commellnae IF09569, MIcronectrlella cucumerls IFO30005, Mortlerella tsa- 
bellina IF07829, Mortlerella ramannlana var. angullspora IF06744, Mucor tubercullsporus IF09256, Mucor Inaequls- 
porus IF08624, Nannlzzia gypsea var. Incurvata IFO8306, Penldlllum chenneslum IFO5800, Penlcllllum expansum 

30 IF05854, Phlalophorafastlglata IFO6850, Rhizopus niveus IF04759, Rhizopus oryzae IF0O4705, Sclerotlnia sclero- 
tiorum IF04876, Sclerotlum delphlnii IF07337, Streptomyces cacao! subsp. asoensis I F0 1381 3 and Streptomyces 
sp. IF0 13020. When obtaining 3-hydroxyp8ntanenltrlle whose absolute configuration is S-cohflgu ration, examples of 
the microorganism are Candida albicans IFO0759, Candida haemulonll I FOI 0001 , Candida Intermedia I FO0761, Can- 
dida maltosa IFOI 977, Candida mogll IFO0436, Candida oleophlla CBS2219. DIpodascus ovetensis IFO1201, Dlpo- 

35 dascus tetraspenna CBS765.70, Geotrlchum fragrans CBS 164.32, Hypoplchia burtonll IFO0844, Kluyveromyces 
polysporus I F00996, Pichia stipltis CBS6054, Schlzoblastosporlon kobayasll I F01 644, Schwannlomyces occldentalls 
var. occidental is IFO0371 . Breyundlmonas diminuta IFOI 2697, Paenibacilius alvei IF03343, Rhodotorula giutinis var. 
dairenensls I FO041 5. Pseudomonas stutzerl I F0 1 359 6. Pseudomonas mendoclna I F0 1 41 62 . Streptomyces coeles- 
cens IFOI 3378 and Streptomyces hydrogen ans I F01 3475. 

40 [0023] These microorganisms can usually be obtained from easily obtainable stock strain and can also be Isolated 
from nature. These microorganisms can also be mutated to obtain a strain having properties which are advantageous 
to the present reaction. Examples of properties which are advantageous to the present invention are Improvement of 
specific activity to 3-ketopentanenitriie and improvement of stereoselectivity. Also, a gene which encodes an enzyme 
that asymmetrically reduces 3-ketopentanenitrile to optically active 3-hydroxypentanenitrile can be Isolated from these 

^ microorganisms by a genetic engineering procedure and Introduced Into any microorganism. 

[0024] For culturing these microorganisms, usually any medium containing a nutrition source that these microorgan- 
isms can assimilate can be used. For example, a common medium, In which a nutrition source, for example, carbon 
source such as saccharides Including glucose, sucrose and maltose, organic acids including lactic acid, acetto acid, 
citric acid and propionic acid, alcohols including ethanol and glycerin, hydrocarbons including paraffin, fats including 

so soya bean oil and rapeseed oil and mixtures thereof; nitrogen source such as ammonium sulfate, ammonium phos- 
phate, urea, yeast extract, meat extract, peptone and corn-steep liquor; other inorganic salts and vitamins are mixed 
and compounded accordingly, can be used. The medium can be selected according to the type of microorganism which 
is used. 

[0025] The microorganisms can generally be cultured under the usual conditions. For example, culturing aeroblcaily 
55 in plH of 4.0 to 9.5 and a temperature range of 20 to 45''C for 10 to 96 hours Is preferable. When the plH is less than 
4.0 or more than 9.5 or the tennperature Is less than 20^*0 or nrtore than 45*'C, depending on the microorganism to be 
cultured, the microorganism may not proliferate or the proliferation rate may be extremely slow. When reacting a mi- 
croorganism with 3-ketopentanenitrIle, usually the culture solution Itself containing cells of the microorganism can be 
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used for the reaction and concentrate of the culture solution can also be used. Examples of the concentration method 
are the method of collecting the ceils from the culture solution by centrlfugatlon or filtration and then suspending In a 
small amount of culture supernatant, water or buffer solution and the method ot using a centrifugal concentrator In the 
case that components in the culture solution atfect the reaction, the cells obtained by centrlfuging the culture solution 

5 or a treated substance thereof can be used. 

[0026] The treated substance of the microorganism is not particularly limited and examples are dry cells obtained 
by dehydration with acetone or diphosphorus pentaoxide or by drying using a desiccator or fan, surfactant-treated 
substances, lytic enzyme-treated substances, Immobilized cells or cell-free extract samples In which the cells are 
fractured. Furthenrtore, an enzyme that catalyzes the asymmetric reduction reaction can be purified from the culture 

10 and used. 

[0027] In the reduction reaction, 3-ketopentanenitrlle which Is the substrate can be added all at once in the beginning 
of the reaction or divided Into portions along with the progression of the reaction. As the substrate of the reaction, alkali 
metal salt of 3-ketopentanenitrile described below can be used as well. The temperature when reacting is preferably 
1 0 to SO'^C, more preferably 20 to 40*^0 and the pH when reacting is preferably 2.5 to 9, more preferably 5 to 9. When 

IS the temperature Is less than lO^'C or more than 60°C or the plH is less than 2.5 or more than 9, depending on the 
enzyme source which is used, the reaction may not progress or the reaction rate may become extremely slow. 
[0028] The amount of the enzyme in the reaction solution can be determined according to the ability of the enzyme 
to reduce the substrate. The concentration of the substrate In the reaction solution is preferably 0.01 to 50 % (WA/). 
more preferably 0.1 to 30 % (WA/). When the concentration of the substrate is less than 0.01 % (WA/). the amount of 

so 3-hydroxy-pentanetnltrlie produced based on the reaction solution Is small and efficiency Is poor. When the concen- 
tration of the substrate is more than 50 % (WAO, there Is a high possibility that unreacted substrates remain and 
productivity tends to become poor. The reaction Is usually conducted by shaking or aeration agitation. The reaction 
time Is determined according to the concentration of the substrate, the amount of the enzyme and other reaction con- 
ditions. Usually, each condition Is preferably adjusted so that the reaction finishes In 2 to 168 hours. 

2S [0029] in order to advance the reduction reaction, adding an energy source such as glucose, ethanol or isopropanol 
In a ratio of 0.5 to 30 % In the reaction solution is preferable, as excellent effects can be obtained. The reaction can 
also be advanced by adding a coenzyme such as reduced nicotinamide adenine dinucleotlde (hereinafter refen^ed to 
as NADH) and reduced nicotinamide adenine dinucleotlde phosphate (hereinafter referred to as NADPH), which are 
usually considered to be necessary in a reduction reaction by a biological method. Specifically, in such a case, the 

30 coenzymes are added directly to the reaction solution. 

[0030] Also, in order to advance the reduction reaction, reacting an enzyme, which reduces NAD"*^ or NADP^ to a 
reduced form, with a substrate for reducing by coexisting is preferable, as excellent results can be obtained. For ex- 
ample, glucose dehydrogenase as the enzyme that reduces to a reduced form and glucose as the sulDStrate for reducing 
can coexist or fomnate dehydrogenase as the enzyme that reduces to a reduced fonn and fomrtlc acid as the substrate 

35 for reducing can coexist. 

[0031] The amount of glucose used is to be at least equlmolar to 3-ketopentanenitrlle and the amount of glucose 
dehydrogenase is detemnined according to the relationship with activity of the reducing enzyme, in the same way, the 
amount of the fomnlc acid Is to be at least equlmolar to 3-ketopentanenitrlie and the amount of fomnate dehydrogenase 
is determined according to the relationship with activity of the reducing enzyme. 

40 [0032] Also, adding a surfactant such as Triton (available from Nacalal Tesque, Inc.), Span (available from Kanto 
Kagaku) and Tween (available from Nacalal Tesque, Inc.) to the reaction solution Is effective. Furthermore, in order to 
avoid inhibition of the reaction due to the substrate and/or alcohol body which Is a product of the reduction reaction, a 
water-insoluble organic solvent such as ethyl acetate, butyl acetate, isopropyi ether, toluene and hexane can be added, 
in order to improve the solubility ot the substrate, a water-soluble organic solvent such as methanol, ethanol. acetone, 
tetrahydrofurane and dimethyls utf oxide can be added. 

[0033] The method for collecting optically acth^e 3-hydroxypentanenitrile produced from the reduction reaction is not 
particularly limited. However, high-purity optically acth^e 3-hydroxypentanenitrile can easily be obtained by directly 
extracting the reaction solution or extracting the substance obtained by separating cells from the reaction solution with 
a soh/ent such as ethyl acetate, toluene, t-butyl methyl ether or hexane, dehydrating and purifying by distillation or 

so silica gel column chromatography. 

[0034] After the conversion reaction, extraction Is conducted with a suitable organic solvent and by analyzing the 
produced 3-hydroxypentanenitrlie with capillary gas chromatography, the molaryletel, absolute configuration and optical 
purity of the pn^duced 3-hydroxypentanenitriie can be found. 
[0035] Below, alkali metal salt of 3-ketopentanenitrile Is described. 

55 [0036] In the presence of an alkali metal base, 3-ketopentananitrile is synthesized from propionic acid ester and 
acetonitriie. Preferable examples of the alkali metal base used are alkali metal base such as sodium ethoxide, sodium 
methoxlde, sodium hydride, potassium ethoxide, potassium methoxide, potassium hydride and lithium hydride. Of 
these, in view of yield, sodium hydride is more preferable. Examples of the propionic acid ester are methyl propionate, 
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ethyl propionate and butyl propionate. Preferable examples of the catalyst when reacting are tetrahydrof urane. ether, 
benzene, ethanol and methanol are preferable. Of these, In view of yield, tetrahydrofurane Is more preferable. The 
reaction temperature can be adjusted depending on the progression of the reaction and is preferably adjusted under 
reflux conditions. 

s [0037] The reaction Is conducted under the above conditions and when production of 3-ketopentanenltme Is con- 
firmed, alkali metal salt of 3-ketopentanenltrile can be precipitated as white crystal by cooling the reaction solution. 
Also, alkali metal salt of 3-ketopentanenrtrile can be precipitated by adding a solvent that prevents alkali metal salt of 
3-ketopentanenltrne from dissolving Into the reaction solution. Examples of the solvent that prevents alkali metal salt 
of 3-ketopentanenltrllefrom dissolving are n-hexane, heptane and petroleum ether. The alkali metal salt of 3-ketopen- 

10 tanenltrlie precipitated In the reaction solution can be isolated by filtering the reaction solution. The type of alkali metal 
of the obtained alkali metal salt of 3-ketopentanenltrile is the same as the type of alkali metal used In the synthesis 
reaction. 

[0038] As described above, in addition to 3-ketopentanenitrile, the obtained alkali metal salt of 3-ketopentanenithle 
can be used as a raw material when synthesizing optically active 3-hydroxypentanenltrlle by action of an enzyme. 
15 [0039] Hereinafter, the present Invention is described In detail based on Examples but the present invention is not 
limited thereto. In the following descriptions, "%" represents "% by weight" unless specified otherwise. 

EXAMPLE 1 

20 [0040] A large scale test tube was charged with 5 mi of a liquid medium (pH 7) comprising 40 g of glucose, 3 g of 
yeast extract, 6.5 g of diammonium hydrogenphosphate, 1 g of potassium dihydrogenphosphate. 0.8 g of magnesium 
sulfate heptahydrate, 60 mg of zinc sulfate heptahydrate, 90 mg of Iron sulfate heptahydrate, 5 mg of copper sulfate 
pentahydrate, 10 mg of manganese sulfate tetrahydrate and 1 DO mg of sodium chloride (all per 1 L) and sterilized by 
steam at 120**C for 20 minutes. One loop of the microorganisms shown In Table 1 were aseptically inoculated Into the 

25 liquid solution and cultured by shaking at 30°C for 72 hours. After cuituring. 2.5 ml of each culture solution was cen- 
trtf uged to collect the cells of the microorganism and each of the cells were suspended In 0.5 mi of a 1 00 mM phosphate 
buffer solution (pH 6.5) containing 4 % of glucose. The cell suspension was added into a test tube in which 5 mg of 
3-ketopentanenitrlle was added In advance and reacted for 24 hours at SO^'C. After the reaction, 1 ml of ethyl acetate 
was added to each reaction solution and mixed thoroughly and part of the organic layer was analyzed under the foi- 

30 lowing capillary gas chromatogrephy analysis conditions. 

[Capillary gas chromatography analysis conditions] 
[0041] 

35 

column: Chiraldex G-TA made by ASTEC, Inc. (20 m x 0.25 mm) 
detection: FID 
column temperature: 130'*C 
Injection temperature: 200'*C 
^0 detection temperature: 200'»C 

carrier gas: helium (100 kPa) 
split ratio: 100/1 

elution time: (R)-3-hydroxypentanenitriie 3.23 minutes, {S)-3-hydrexypentanenitrite 3.67 minutes 

45 [0042] The molar yield, optical purity and absolute configuration of the produced 3-hydroxypentanenltrile are shown 
in Table 1. 



TABLE 1 



Microorganism 


IVIolar yield (%) 


Optical Purity 
(%e.e.) 


Absolute 
Configuration 


Arthroascus 


ievanensis 


IFO 1848 


5.9 


85.1 


R 


Candida 


cantarellil 


IFO 1261 


60.2 


73.6 


R 


Candida 


magnoliae 


IFO 0705 


30.0 


77.0 


R 


Candida 


g lab rata 


IFO 0005 


5.3 


62.4 


R 


Candida 


gropengiesserl 


IFO 0659 


56.9 


81 .7 


R 


Candida 


pararugosa 


IFO 0966 


39.1 


83.1 


R 
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TABLE 1 (continued) 





Microorganism 




Molaryleld(%) 


Optical Purity 

(%e.e.) 


Absolute 

Configuration 


Candida 


plnus 


IFO 0741 


14.9 


80.7 


R 


Candida 


sorbophiia 


IFO 1583 


41 .0 


74.7 


R 


Candida 


fennica 


CBS 6087 


67.0 


76.2 


R 


Candida 


tenuis 


IFO0716 


9.0 


75.0 


R 


Cfteronnyces 


matrltensis 


IFO 0651 


7.7 


89.5 


R 


Cryptococcus 


curvatus 


IFO 1159 


52.1 


75.5 


R 


Cryptococcus 


humicoluG 


CBS 2822 


61.2 


75.2 


R 


Dabaryomyces 


hansenil var. 
tabryi 


IFO 0015 


67.8 


87.1 


R 


Debaryomvces 


marama 


IFO 0668 


36.7 


79.8 


R 


Debaryonnyces 


nepalensis 


IFO 0039 


44.1 


94.8 


R 


Geotrichum 


candidum 


CBS 187.67 


55.0 


76.7 


R 


Geotrlchum 


eriense 


ATCC 22311 


60.1 


74.6 


R 


Geotrichum 


fermentans 


CBS 452.83 


56.2 


78.7 


R 


Guilliermondella 


selenospora 


IFO 1850 


63.7 


77.3 


R 


Issatchenkta 


terricola 


IFO 0933 


13.0 


87.3 


R 


Konnagataella 


pastoris 


IFO 0948 


6.9 


83.1 


R 


Konrtagataella 


pastorls 


IFO 1013 


5.7 


85.5 


R 


Lipomyces 


starkeyi 


IFO 0678 


26.3 


79.2 


R 


Ogataea 


pin! 


IFO 1342 


5.0 


86.1 


R 


Pichia 


anomala 


IFO 0146 


12.5 


85.6 


R 


Pichia 


silvicola 


IFO 0807 


68.0 


75.7 


R 


Rhodsporidiunn 


sphaerocarpum 


IFO 1438 


51.2 


74.2 


R 


Rhodsporidium 


toruloides 


IFO 0413 


72.1 


76.9 


R 


Rhodotorula 


mbra 


IFO 0383 


6.2 


70.7 


R 


Trlchosporon 


cutaneum 


ATCC 4151 


18.4 


94.0 


R 


Yarrow ia 


lipolytica 


IFO 1741 


6.2 


82.3 


R 



EXAMPLE 2 



[0043] The microorganisms shown in Table 2 were cultured and collected in the same manner as in Example 1 . Cells 
of each microorganism were suspended In 0.5 ml of a 100 mM phosphate buffer solution (pH 6.5) containing 0.739 
mgot NAD-^, 0.862 mg of NADP-**, 13.9 mg of glucose, 3 U of glucose dehydrogenase (product name: GLUCDH"Amano" 
II, available from Amano Enzyme, Inc.). The cell suspension was added into a test tube in which 5 mg of 3-ketopen- 
tanenitrile and 0.5 ml of butyl acetate were added In advance and reacted for 24 hours at 30°C. After the reaction, 0.5 
ml of ethyl acetate was added to each reaction solution and mixed thoroughly and part of the organic layer was analyzed 
by the same analysis method as in Example 1 . The molar yield, optical purity and absolute configuration of the produced 
3-hydroxypentanenttrlle are shown In Table 2. 



TABLE 2 



Microorganism 


Molar yield (%) 


Optical Purity 
(%e.e.) 


Absolute 
Configuration 


Candida 


glabrata 


IFO 0005 


6.9 


78.4 


R 


Candida 


gropengiesseri 


IFO 0659 


11.3 


83.0 


R 


Candida 


kefyr 


lAM 4880 


19.1 


76.9 


R 


Candida 


plnus 


IFO 0741 


8.1 


79.6 


R 


Candida 


utilis 


IFO 0639 


18.2 


81.0 


R 


Cryptococcus 


humicola 


CBS 2822 


5.2 


83.5 


R 


Debaryomyces 


hansenil 


IFO 0063 


11.1 


83.8 


R 
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TABLE 2 (continued) 



Microorganism 




Molar yield (%) 


Optical Purtty 


Absolute 










(%e.e.) 


Configuration 


U8Dary0myC8S 


hansenll var. 
hansanll 


IFO 0032 


9.8 


83.2 


R 




fabryl 


IFO 0015 


9.6 


85.8 


R 


Dekkera 


BRomala 


IFO 0627 


9.7 


86.0 


R 


Kluyveromyces 


marxlanus 


IFO 0288 


15.3 


90.8 


R 


Komagataella 


pastorls 


IFO 0948 


50.2 


83.3 


R 


IVIdoOllll iivuwici 


DicuopiuetLct 


IFO 1408 


15.3 


80.8 


R 


ivi c Lowi 1 1 1 iivu wia 


n ri laceS ! 


IFO 0749 


11.1 


78.6 


R 




cinurnaia 


IFO 0120 


18.7 


87.8 


R 


Plchla 


anomala 


IFO 0144 


10.2 


80.8 


R 


Pichia 


bispora 


IFO 0803 


4.3 


92.9 


R 


PIchia 


jadinii 


IFO 0987 


29.9 


78.1 


R 


Plchla 


petersonil 


IFO 1372 


9.9 


75.8 


R 


Pichia 


silvicota 






7R 9 


D 

n 


Rhodotoruta 


lactosa 


IFO 1423 


6.5 


76. 3 


R 


Schwann iomyces 


occidental is var. 
occidental Is 


\ r O I B40 


1 0.6 


79.3 


R 


Staph an oascus 


clferrll 


1 1 ft<^ A 


O. i 




D 

n 


Torulaspora 


delbrueckii 


1 n \j uoo 1 






D 

n 


Trichosporon 


loubieri var. 
loubieri 


CBS 7085 


7.7 


85.1 


R 


wllliopsis 


Saturn us var. 

Ruax/OAloriR 

ouavowiDi ID 


IFO 0809 


17.0 


87.3 


R 


Willinnetft 


oeiiurnus var. 

Saturn US 


IFO 0992 


16.3 


87.6 


R 


TariuWIa 


iipoiyiicci 


IFO 1741 


6.2 


79.8 


R 


Candida 


haemulonii 


IFO 10001 


18.3 


82.6 


8 


Candida 


albicans 


IFO 0759 


7.2 


88.2 


S 


DIpodascus 


ovetensis 


IFO 1201 


27.7 


62.4 


S 


Dipodascus 


tetraspemna 


CBS 765.70 


54.6 


81.1 


s 


Gaotrichum 


fragnans 


CBS 164.32 


32.9 


86.5 


s 


Hyphoplchia 


burtonll 


IFO 0B44 


13.8 


80.9 


S 


Kluyveromyces 


polysporus 


IFO 0996 


3.3 


74.7 


s 


PIchia 


stipitis 


CBS 6054 


31.3 


64.5 


S 


Rhodotorula 


glutinis var. 
dairenansis 


IFO 0415 


5.7 


75.7 


s 


Schwann Iomyces 


occldentalls var. 
occldentalls 


IFO 0371 


32.2 


85.3 


s 



EXAMPLE 3 



[0044] A 500 ml Sakaguchi flask was charged with 45 ml of a liquid medium connprising 40 g of glucose, 3 g of yeast 
extract, 6.5 g of diammonium hydrogenphosphate, 1 g of potassium dihydrogen phosphate, 0.8 g of magnesium sulfate 
heptahydrate, 60 mg of zinc sulfate heptahydrate, 90 mg of iron sulfate heptahydrate, 5 mg of copper sulfate pentahy- 
drate, 1 0 mg of manganese sulfate tetrahydrate and 1 00 mg of sodium chloride (all per 900 ml) and 1 drop of adecanol 
and then sterilized. 5 ml of a sterilized 40 % glucose aqueous solution was added thereto and one loop of the micro- 
organisms shown in Table 3 were asepticalty inoculated and cultured by shaking at 30**C for 72 hours. After culturing, 
cells of the microorganisms were collected by centrifugation and washed twice with deionized water. The wet cells 
were suspended In 40 ml of deionized water. 1 .2 L of acetone was added while stirring and cooling with ice and agitation 



10 



EP 1 452 603 A1 



was conducted for 30 minutes In Ice. The solution was filtered and the cells on the filter paper were washed with cooled 
acetone. Drying was conducted under reduced pressure and the acetone-dried cells of the microorganisms shown in 
Table 3 were respectively obtained. 

[0045] With respect to each of the acetone-dried cells obtained by the above method, 10 mg of the acetone-dried 
5 cells, 0.739 mg ot NAD^, 13.9 mg ot glucose, 3 U of glucose dehydrogenase (product name: GLUCDH "Amano" II, 
available from Amano Enzyme, Inc.), 0,5 ml of a 100 mM phosphate buffer solution (pH 6.5) and 5 mg of 3-ketopen- 
tanenitrile were added into a test tube and reacted for 24 hours at 30°C. After the reaction, 1 ml ot ethyl acetate was 
added to each reaction solution and mixed thoroughly and part of the organic layer was analyzed by the same analysis 
method as in Example 1 . The molar yield, optical purity and absolute configuration of the produced 3-hydroxypen- 
io tanenitriie are shown in Table 3. 



TABLES 



IS 



25 



35 



Microorganism 


Molar yield (%) 


Optical Purity 
(%e.e.) 


Absolute 
Configuration 


Candida 


marls 


IFO 10003 


22.0 


79.0 


R 


Candida 


melinii 


IFO 0747 


18.0 


94.5 


R 


Issatchenkia 


orientalis 


IFO 1279 


25.2 


54.9 


R 


Issatchenkia 


ten^icoia 


IFO 0933 


8.2 


73.7 


R 


Ogataea 


pini 


IFO 1342 


3.8 


73.4 


R 


Ogataea 


wickerhamii 


IFO 1706 


13,9 


71.7 


R 


Pichia 


anomala 


IFO 0120 


31.1 


88.7 


R 


Pichia 


anomaia 


IFO 0144 


14.0 


79.0 


R 


Pichia 


canadensis 


IFO 0976 


32.3 


75.6 


R 


Williopsis 


satumus var. 


IFO 0895 


38.7 


83.0 


R 


mrakii 










Wlllicpsis 


satumus var. 


IFO 0992 


20.7 


88.2 


R 




Saturn us 










Williopsis 


satumus var. 


IFO 0809 


54.0 


83.8 


R 




suaveolens 










Yarrowia 


lipolytica 


IFO 1741 


12.8 


78.7 


R 


Candida 


Intermedia 


IFO 0761 


23.2 


75.7 


S 


Candida 


maltosa 


IFO 1977 


31.8 


91,5 


S 


Candida 


mogll 


IFO 0436 


43.8 


90.8 


s 


Candida 


oleophila 


CBS 2219 


49.0 


89.2 


s 


Candida 


albicans 


IFO 0759 


23.5 


93.5 


s 


Schlzoblastosporlon 


kobayasll 


IFO 1644 


37.2 


87.7 


s 



40 

EXmPLE 4 

[0046] Acetone-dried cells of the microorganisms shown in Table 4 were respectively obtained in the same manner 
as in Example 3. With respect to each of the acetone-dried cells, 1 0 mg of the acetone-dried cells, 0.862 mg of NADP+, 

45 13.9 mg of glucose, 3 U of glucose dehydrogenase (product name: GLUCDH "Amano" II, available from Amano En- 
zyme, inc.), 0.5 ml of a 1 00 mM phosphate buffer solution (plH 6.5) and 5 mg of 3-ketopentanenitrile were added into 
a test tube and reacted for 24 hours at 30^0. After the reaction, 1 ml of ethyl acetate was added to each reaction 
solution and mixed thoroughly and part of the organic layer was analyzed by the same analysis method as in Example 
1 . The molar yield, optical purity and absolute configuration of the produced 3-hydroxypentanenitriie are shown in Table 

50 4. 



TABLE 4 



55 



Microorganism 


Molar yield (%) 


Optical Purity (%e. 


Absolute 

Configuration 


Candida 


giabrata 


IFO 0005 


13.3 


78.8 


R 


Candida 


gropengiesseri 


IFO 0659 


30.1 


79.7 


R 


Candida 


melinll 


IFO 0747 


14.4 


89.9 


R 
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TABLE 4 (continued) 





Microorganism 




Molar yield (%) 


Optical Purity (%e. 
©> 


Absolute 
Configuration 


Candida 


musaa 


IFO 1582 


20.4 


84.0 


R 


Candida 


sorbophila 


IFO 1583 


21 .8 


79.5 


R 


Candida 


tenuis 


IFO 0716 


11.1 


81.4 


R 


Cryptococcus 


humicola 


CBS 2822 


16.4 


82.5 


R 


Debaryomvces 


hansenll 


IFO 0063 


15.2 


84.7 


R 


Debaryomyces 


hansenii var. 
hansenii 


IFO 0032 


16.0 


82.3 


R 


Debaryomyces 


hansenii var. 
fabryi 


IFO 0015 


17.5 


86.2 


R 


Dekkera 


anomala 


IFO 0627 


14.3 


80.5 


R 


Issatchenkia 


orlentalis 


IFO 1279 


17.4 


50.8 


R 


Issatchenkia 


terricola 


IFO 0933 


6.9 


70.3 


R 


Lodderonnyces 


elongisporus 


IFO 1676 


12.5 


77.4 


R 


Metschnikowia 


bicuspldata 


IFO 1408 


15.3 


79.3 


R 


Ogataea 


pini 


IFO 1342 


4.5 


76.8 


R 


Ogataea 


wickerhamii 


IFO 1706 


6.8 


59.7 


R 


PIchia 


anomala 


IFO 01 20 


32.2 


88.2 


R 


PIchIa 


anomala 


IFO 0144 


10.3 


76.5 


R 


Ptchia 


rbodanensis 


IFO 1272 


46.5 


85.0 


R 


Pichia 


triangularis 


IFO 0836 


11.8 


79.9 


R 


Rhodsporldlum 


diobovatum 


IFO 0688 


21.4 


81.1 


R 


Rhodsporldlum 


sphaerocarpum 


IFO 1438 


13.7 


78.8 


R 


Rhodotomta 


rubra 


IFO 0383 


28.0 


76.3 


R 


Williopsis 


saturnus var. 
sat urn us 


IFO 0992 


14.8 


87.1 


R 


Yarrow la 


llpolytica 


IFO 1741 


36.9 


81.4 


R 


Candida 


mogll 


IFO 0436 


41.7 


69.3 


S 


DIpodascus 


tetraspemna 


CBS 765.70 


18.9 


71.8 


S 



EXAMPLE 5 



[0047] A large scale test tube was charged with 7 ml of a liquid medium (pH 7) comprising 10 g of meat extract, 10 
g of peptone, 5 g of yeast extract and 3 g of sodium chloride (all per 1 L) and sterilized by steam at 120''C for 20 
minutes. One loop of the microorganisms shown In Table 5 were asepticalty inoculated into the liquid solution and 
cultured by shaking at dO^'C for 36 hours. After culturing, 3.5 ml of each culture solution was centrlfuged to collect ceils 
of the microorganisms and each of the cells were suspended in 0.5 ml of a 1 00 mM phosphate buffer solution (pH 6.5) 
containing 8 % of glucose. The cell suspension was added Into a test tube In which 5 mg of S-ketopentanenttrile was 
added In advance and reacted for 18 hours at 30^Q. After the reaction, analysis was conducted In the same manner 
as in Example 1 . The molar yield, optical purity and absolute configuration of the produced 3-hydroxypentanenltrile 
are shown In Table 5. 



TABLE 5 



Microorganism 


Molar yieki (%) 


Optical purity 
(%e,e.) 


Absolute 
Configuration 


Achromobacter 


xylosoxldans 


IFO 12669 


8.9 


77.4 


R 




subsp. 












den Itrif leans 










Achromobacter 


xylosoxldans 


ATCC 15173 


18.3 


78.3 


R 




subsp. 












denitrificans 
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TABLES (continued) 





Microorganism 


Molar yield (%) 


Optical purity 
(%e.e.) 


Absolute 
Configuration 


5 


Arthrobacter 


protophormlae 


IFO 12128 


12.8 


77.3 


R 




Acidiphilium 


crvptum 


IFO 14242 


6.2 


91,3 


R 




Cetlulomonas 


geiida 


IFO 3748 


7.1 


B4.1 


R 




Corynebacterlum 


annmoniaqenes 


IFO 12072 


7.7 


79.9 


R 


10 


Corynebacterlum 


tiavescens 


IFO 14136 


5.7 


78.4 


R 


Devosia 


riboflavin a 


IFO 13584 


7.0 


85.7 


R 




Microbacterium 


aiborescens 


IFO 3750 


6.3 


71.0 


R 




Rhodococcus 


erythropolis 


IFO 12538 


9.6 


79.6 


R 




Rhodococcus 


erythropolls 


IFO 12539 


5.0 


70.3 


R 


15 


Rhodococcus 


er/thropolls 


1 AM 1452 


15.0 


80.0 


R 




Rhodococcus 


rhodochrous 


IFO 3338 


5.5 


87.9 


R 



EXAMPLE 6 



^ [0048] The microorganisms shown In Table 8 were cultured and collected In the same manner as In Example 5. Ceils 
of each microorganism were suspended in 0.5 mi of a 100 mM phosphate buffer solution (pH 6.5) containing 0.739 
mg of NAD+, 0.862 mg of NADP+, 13.9 mg of glucose and 3 U of glucose dehydrogenase (product name: GLUCDH 
"Amano" II, available from Amano Enzyme, Inc.). The ceil suspension was added into a test tube in which 5 mg of 
3-lcetopentanenitrile and 0.5 ml of butyl acetate were added in advance and reacted for 24 hours at 30*^0. After the 
reaction. 0.5 mi of ethyl acetate was added to each reaction solution and mixed thoroughly and part of the organic 
layer was analyzed by the same analysis method as in Example 1 . The molar yield, optical purity and absolute con- 
f^uration of the produced 3-hydroxypentanenitrlle are shown in Table 6. 



TABLE 6 



30 



Microorganism 


Molar yield (%) 


Optical Purity (%e.e.) 


Absolute 
Configuration 


Alcaligenes 


sp. 


IFO 14130 


3.5 


78.0 


R 


Agrobacterium 


tumefacience 


IFO 12667 


3.6 


73.4 


R 


Agro bacterium 


tumefacience 


IFO 13265 


3.1 


71.2 


R 


Comamonas 


testosteroni 


IFO 12048 


14.3 


78.5 


R 


Hofnia 


alvei 


IFO 3731 


5.0 


86.6 


R 


Proteus 


vulgaris 


IFO 3167 


3.5 


79.9 


R 


Providencia 


aicaiifaclens 


IFO 12931 


3.5 


83.1 


R 


Rhodococcus 


equi 


JCM 1313 


4.1 


76.3 


R 


Brevundimonas 


diminuta 


IFO 12697 


70.0 


63.5 


S 


Paenibaclllus 


alvei 


IFO 3343 


5.7 


76.4 


S 


Pseudomonas 


stutzeri 


IFO 13596 


24 


50.5 


S 


Pseudomonas 


mendocina 


IFO 14162 


3.7 


45.9 


s 



EXAMPLE 7 



[0049] 22 g of 60 % sodium hydride was suspended in 400 ml of tetrahydrofurane. Then, while heating, 24.7 g of 
acetonitrile and subsequently 58.3 g of ethyl propionate were dropped and agitated overnight at 80**C. After naturally 
cooling to room temperature, the mixture was cooled further In Ice water. The precipitated white crystal was obtained 
by filtration and dried under reduced pressure after washing with 350 mi of n-hexane. 45.0 g of white crystal 3-iceto- 
pentanenitrile>sodlum salt was obtained. 

ss EXAMPLE 8 



[0050] 40 g of 60 % sodium hydride was suspended in 300 ml of tetrahydrofurane. Then, while heating, 49.3 g of 
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acetonltrlte and subsequently 122.56 g of ethyl propionate were dropped and agitated overnight at SO'^C. After naturally 
cooling to room temperature, 300 ml of n-hexane was added while cooling further In Ice water. The precipitated white 
crystal was obtained by filtration and dried under reduced pressure after washing with 500 ml of n-hexane. 98.7 g of 
white crystal 3-ketopentanenltrile-30dlum salt was obtained. 

5 

EXAMPLE 9 

[0051] Candida gropenglesserl IF00659 was cultured In the same manner as In Example 3 and 1 L of the obtained 
culture solution was centrlfuged to collect cells of the microorganism. The cells were suspended In 200 ml of a 100 
mM phosphate buffer solution (pH 6.5) containing 4 % of glucose. To this cell suspension. 1 .19 g of 3-ketopentanen- 
Itriie-sodlum salt was added while maintaining pH 6.5 using 6N hydrochloric acid. After adding, the reaction was con- 
ducted by agitating for 24 hours, at 30*C. After the reaction, the aqueous phase was extracted with ethyl acetate and 
then extracted further with ethyl acetate. The organic phase was then combined and dehydration was conducted with 
anhydrous sodium sulfate. Thereafter, the solvent was removed under reduced pressure and purification was conduct- 
is ed by silica gel chromatography. 842 mg of 3-hydroxypentanenitrile wets obtained. The optical purity found from the 
method described In Example 1 was 81.7 % e.e. In R-conflgu ration. ^H-NMR 6(CDCl3):1.00(3H.t), 1 .64 (2H,dq), 2.27 
(1H,s). 2.54 (2H,dd), 3.86-3.92 (IH.m). 

EXAMPLE 10 

20 

[0052] The reaction and analysis were conducted in the same manner as In Example 1 except that the microorgan- 
isms shown In Table 7 were cultured In a medium (plH 6.0) comprising 5 % ot glucose and 5 % of corn-steep liquor. 
The molar yield, optical purity and absolute configuration of the produced 3-hydroxypentanenttrile are shown in Table 7. 

25 TABLE 7 





Microorganism 




Molar yield (%) 


Optical purity (%e. 
e.) 


Absolute 
configuration 


Absldia 


coerulea 


IFO 4011 


17.4 


64.6 


R 


Absidia 


hyalospora 


IPG 8082 


10.8 


87.9 


R 


Aegerita 


Candida 


IFO 6986 


6.1 


86.8 


R 


Agrocybe 


cylyndracea 


IFO 30299 


14.7 


88.1 


R 


Amylostereum 


areolatum 


IFO 9221 


12.9 


67.8 


R 


Aspergillus 


niger 


IFO 4091 


5.6 


87.9 


R 


Aspergillus 


phoenlds 


IFO 6670 


3.7 


87.3 


R 


Aspergillus 


soiae 


IFO 4244 


6.5 


86.7 


R 


Corynascus 


sepedonium 


IFO 30067 


17.2 


60.0 


R 


Dendryphiella 


sallna 


IFO 8281 


12.8 


81.6 


R 


Emericella 


ntdulans var. 
nidulans 


IFO 4340 


6.9 


88.1 


R 


Emerlcelia 


unguis 


IFO 8087 


73.0 


85.3 


R. 


Fusarlum 


oxysporum 


IFO 5942 


35.7 


68.5 


R 


Fusarium 


anguioides 


IFO 4467 


13.2 


84.9 


R 


Gibberella 


fujikurol 


IFO 6603 


16.1 


85.7 


R 


Glomerella 


cingulata 


IFO 5257 


21.7 


86.1 


R 


Macrophoma 


commeilnae 


IFO 9569 


40.6 


74.1 


R 


Micronectriciia 


cucumeris 


IFO 30005 


26.7 


60.8 


R 


Mortierella 


isabellina 


IFO 7829 


59.9 


65.2 


R 


Mortiereila 


ramanniana var. 
angulispora 


IFO 6744 


23.1 


86.2 


R 


Mucor 


tubercuiisporus 


IFO 9256 


61.0 


82.6 


R 


Mucor 


Inaequlsporus 


IFO 8624 


56.5 


84.0 


R 


Nannizzia 


gypsea var. 
incurvata 


IFO 6306 


20.5 


87.6 


R 


Penlcllllum 


chermeslum 


IFO 5600 


26.7 


66.9 


R 
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TABLET (continued) 



Microorganism 


Molar yield (%) 


Optical purity (%e. 
e.) 


Absolute 
configuration 


Penlcllilum 


expansunn 


IFO 5854 


14.9 


65.8 


R 


Phialophora 


fastigiata 


IFO 6850 


8.6 


87.4 


R 


Rhizopus 


niveus 


IFO 4759 


12.9 


62.0 


R 


Rhizopus 


oryzae 


IFO 4705 


13.0 


81.8 


R 


Sclerotlnia 


sclerotloaim 


IFO 4876 


6.0 


87.7 


R 


Sclerotlunn 


delphlnli 


IFO 7337 


13.9 


67.2 


R 



EXAMPLE 11 



[0053] The reaction and analysis were conducted in the same manner as In Example 1 except that the microorgan- 
isms shown In Tabie 8 were cultured In a medium (pH 7.2) comprising 3 % of Tryptic Soy Broth available from Dlfco 
Laboratories and 1 % of soluble starch. The molar yield, optical purity and absolute configuration of the produced 
3-hydroxypentanenltrite are shown In Table 8. 



TABLES 



Microorganism 


Molar yield (%) 


Optical purity (%e. 
e.) 


Absolute 
configuration 


Streptomyces 


cacao i subsp. 


IFO 13813 


5.3 


64.5 


R 




asoensis 










Strentomyces 


sp. 


IFO 13020 


3.7 


53.7 


R 


Streptomyces 


coalesce ns 


IFO 13378 


12.2 


39.2 


S 


Streptomyces 


hydrogenans 


IFO 13476 


3.5 


51.6 


S 



INDUSTRIAL APPLICABILITY 



[0054] According to the present invention, optically active 3-hydroxypentahenitrile can be prepared with high yield 
by stereoselectlvely reducing 3-ketopentanenitriie by action of an enzyme having asymmetric reduction activity. Also, 
alkali metal salt of 3-ketopentanenltrile. which Is a stable compound without problems regarding storage, can be effi- 
ciently obtained. 



Claims 

1 . A process for preparing optically active 3-hydroxypentanenltrile represented by the following f orniula (1 ): 




wherein an enzyme, which asymmetrically reduces 3-ketopentanenitriie to optically active 3-hydroxypent6menitrile, 
acts upon 3-ketopentanenitrile represented by the following formula (2): 



/CN (2) 

15 



EP1 452 603A1 



to obtain optically active S-hydroxypentanenitrlie. 

The process of Claim 1, wherein seUd enzyme Is an enzyme present in a cell, a culture solution or a treated sub- 
stance thereof of a microorganism selected from the group consisting of Arthroascus genus, Candida genus. Cryp- 
tocQccus genus, Debaryomyces genus, Dekicera genus, DIpodascus genus, Geotriohum genus, GuilllemiondeHa 
genus, IHyphoptchIa genus, Issatchenlcia genus, Kluyveromyces genus, Komagataella genus, LIpomyces genus, 
Lodderomyces genus, Metsciinifcowia genus, Ogataea genus. Pichia genus. Rhodotorula genus. Rhodsporidium 
genus, Schlzobiastosporlon genus, Schwann tomyces genus, Stephanoascus genus, Torulaspora genus, Trichos- 
poron genus, Wlliiopsis genus, Yan^owla genus, Acldephlllum genus, Agrobacterlum genus, Aicaiigenes genus, 
Arthrobacter genus, Brevundlmonas genus, CeHulomonas genus, Comamonas genus, Mlcrobacterlum genus, 
Paenlbacillus genus, Rhodococcus genus, Citeromyces genus, Achromobacter genus, Coryne bacterium genus, 
Devosia genus, Hofnia genus, Proteus genus, Provldencia genus, Pseudomonas genus, Absldia genus, Aegerita 
genus, Agrocybe genus, Amylostereum genus. Aspergillus genus, Corynascucs genus, Dendryphlella genus, 
Emericeila genus, Fusarlum genus, GIbberella genus, Glomerella genus, l\/iacrophoma genus, IVIIcronectrlella ge- 
nus, IVIortlerella genus, Mucor genus, Nannizzia genus, Penicliiium genus, Phlaiophora genus, Rhizopus genus, 
Scierotinia genus, Sclerotium genus and Streptomyces genus; and/or a purified enzyme obtained from said mi- 
croorganism. 

The process of Claim 1 , wherein absolute configuration of said produced optically active 3-hydroxypentanenitrile 
is R-configuration and said enzyme is an enzyme present in a cell, a culture solution or a treated substance thereof 
of a microorganism selected from the group consisting of Arthroascus genus. Candida genus. Cryptococcus genus. 
Debaryomyces genus, Dei<i<era genus, Geotriohum genus, GullllenTiondella genus, issatchenlda genus, Kluyvero- 
myces genus, Komagataella genus, LIpomyces genus, Lodderomyces genus, Metschnlkowla genus, Ogataea 
genus, PIchIa genus, Rhodotorula genus, Rhodsporidium genus, Schwannlomyces genus, Stephanoascus genus, 
Torulaspora genus, Trichosporon genus, Wlliiopsis genus, Yarrowla genus, Acldephlllum genus. Agrobacterium 
genus, Aicaiigenes genus. Arthrobacter genus, Ceilulomonas genus, Comamonas genus, Mlcrobacterlum genus. 
Riiodococcus genus, Citeromyces genus, Ach romobacter genus , Corynebacterlum genus, Devosia genus, Hofnia 
genus, Proteus genus, Provldencia genus, Absldia genus, Aegerita genus, Agrocybe genus, Amylostereum genus, 
Aspergillus genus, Corynascucs genus, Dendryphlella genus, Emericeila genus, Fusarlum genus, GIbberella ge- 
nus, Glomerella genus, Macrophoma genus, Mlcronectrielia genus, Mortiereiia genus, Mucor genus, Nannizzia 
genus, Penicliiium genus, Phialophora genus, Rhizopus genus, Scierotinia genus, Sclerotium genus and Strep- 
tonnyces genus; and/or a purified enzyme obtained from said microorganism. 

The process of Claim 1 , wherein absolute configuration of said produced optically active 3-hydroxypentanenltriie 
Is R-conflguration and said enzyme Is an enzyme present In a cell, a culture solution or a treated substance thereof 
of a microorganism selected from the group consisting of Arthroascus javanensls , Candida cantarellll , Candida 
fennica . Candida glabrata . Candida gropengiesseri . Candida kefyr . Candida maris . Candida melinii . Candida 
musae, Candida pararugosa . Candida pinus . Candida sorbophlia . Candida tenuis . Candida utills . Cryptococcus 
curvatus. Cryptococcus humloolus. Debaryomyces hansenli . Debaryomyces hansenii var. fabryi . Debaryomyces 
hansenii var. hansenii , Debaryomyces marama . Debaryomyces nepalensis , Dekkera anomala , Geotriohum can- 
didum , Geotrlchum eriense , Geotrlchum femientans . Gullllemr>ondella selenospora , Issatchenkia oriental Is , Is; 
satchenklaterrlcola , Kluyveromyces marxlanus , Komagataella pastorls , LIpomyces starkey I , Lodderomyces elong- 
isporus . Metschnikowia bicuspidata . Metschnikowia gruessll , Ogataea pini , Ogataea wickerhamii , Pichia anomala , 
Pichia canadensis . Pichia jadinii . Pichia petersonii . Pichia rhodanensts . Pichia silvicoia . PIchIa triangularis . Rho- 
dotorula lactosa . Rhodotorula rubra . Rhodsporidium diobovatum . Rhodsporidium sphaerocarpum . Rhodsporidium 
toruioides . Schwannlomyces occidentaiis var. occidentalls , Stephanoascus ctferril, Tomlaspora delbmeckli , Tri- 
chosporon cutaneum , Wlliiopsis saturnus var. mrakii , Wlliiopsis saturnus var. saturnus , Wlliiopsis saturnus var. 
suaveolens , Yanrowla llpolytica , Acldephlllum cryptum , Agrobacterlum tumefacience , Aicaiigenes sp., Achromo- 
bacter xyiosoxidans subsp. denitrif leans . Arthrobacter protophormiae , Ceilulomonas gel id a , Comamonas testo- 
steroni , Mcrobacterium arfaorescens . Rhodococcus equi , Rhodococcus erythropolls , Rhodococcus rhodochrous . 
Candida magnollae , Citeromyces matritensls . Pichia bispora . Trichosporon loublerl var. ioublerl . Corynebacterlum 
ammoniagenes , Corynebacterlum flavescens . Devosia ribofiavlna , Hofnia alvel , Proteus vulgaris , Provldencia ah 
callfaclens , Absldia coeruiea . Absldia hyalospora , Aegerita Candida , Agrocybe cylyndracea , Amylostereum are- 
olatum , Aspergillus niger , Aspergillus phoenfcis , Aspergillus sojae , Corynascucs sepedonium , Dendryphlella sali- 
ne . Emericeila nidulans var. nidulans . Emericeila unguis , Fusarlum oxysporum . Fusarium anguioides , GIbberella 
fujikuroi . Glomerella cingulata . Macrophoma commelinae , Micronectriella cucumerts , Mortiereiia Isabellina . Mor- 
tiereiia ramannlana var angulispora . Mucor tubercullsporus . Mucor inaequisporus . Nannizzia gypsea var. incur- 
vata , Penicliiium chenmesium . Penicliiium expansum , Phialophora fastlglata, Rhizopus niveus . Rhizopus oryzae . 
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Sclerotinia scierotlomm . Sclerotlum delphlnlL Streptomyces cacaol subsp. asoensis and Streptomyces sp.; and/ 
or a purified enzyme obtained from said microorganism. 

The process of Claim 1 , wherein absolute configuration of said produced optically active 3-hydroxypentanenltrlle 
is S-conflgu ration and said en2Yme Is an enzyme present in a cell, a culture solution or a treated substance thereof 
of a microorganism selected from the group consisting of Candida genus, DIpodascus genus, Geotrichum genus, 
Hvphoplchia genus. Kiuyveromyces genus. Pichia genus, Schizoblastosporlon genus. Schwann iomyces genus. 
Brevundlmonas genus, Paenlbacillus genus. Rhodotorula genus. Pseudomonas genus and Streptomyces genus; 
and/or a purified enzyme obtained from said microorganism. 

The process of Claim 1 , wherein absolute configuration of said produced optically active 3-hydroxypentanenltr1le 
is S-configuratlon and said enzyme Is an enzyme present In a cell, a culture solution or a treated substance thereof 
of a microorganism selected from the group consisting of Candida albicans . Candida haemulonii , Candida inter- 
media . Candida maltosa . Candida mogli . Candida oleophlla . DIpodascus ovetensls . DIpodascus tetraspenna , Ge- 
otrichum fragrans . IHypoplchla burtonli , Kiuyveromyces polysporus , Pichia stipitis . Schizoblastosporlon t<obayasli . 
Schwan n iomyces occidenta lis var. occldentalis . Brevundlmonas dimlnuta . Paenlbacillus alvel . Rhodotorula glutlnis 
var. dairenensis . Pseudomonas stutzeri , Pseudomonas mendodna . Streptomyces coelescens and Streptomyces 
hydrogenans ; and/or a purified enzyme obtained from said microorganism. 

The process of Claim 1 , 2, 3, 4, 5 or 6, wherein either or both of oxidized nicotinamide adenine dinucleotlde (NAD^) 
and oxidized nicotinamide adenine dinucleotlde phosphate (NADP+) coexist with an enzyme that reduceis each to 
a reduced fo mi and a substrate for reducing. 

The process of Claim 1 , 2, 3, 4, 5, 6 or 7, wherein, an ailcali metal salt of 3-i<etopentanenttriie represented by the 
following formula (3): 




(wherein iVI represents an alkali metal) Is used as 3-ketopentanenitrtie. 

A process for preparing an alkali metal salt of 3-ketopentanenitr1le, which comprises synthesizing 3-ketopentanan- 
Itrlle from proptonic acid ester and acetonltirle In the presence of an alkali metal base and obtaining 3-ketopen- 
tanenltrlle from the reaction system as an alkali metal salt represented by the following fomnuia (3): 




(wherein M represents an alkali metal). 
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oonbinalioa bebig obvious to a person skilled In (heart 
document member of the same patent ftmily 


Dale of the actual completion of the intemationai search 
27 December, 2002 (27.12.02) 


Date of mailing of the international search roport 

28 January, 2003 (28.01.03) 


Name and mailing address of the ISA/ 
Japanese Patent Office 


Authoriicd oflicer 




FecsiRrile No. 


Telephone No. 





Fonn PCT/ISA/210 (second sheet) (lu^ 1998) 



18 



EP 1 452 603 A1 



INTERNATIONAL SEARCH REPORT 



Intcmntinpal spplicalioii No. 

PCT/JP02/10312 



Continuation of A. CLASSIFICATION OF SUBJECT MRTTER 



(International Patent Classification (IPC)) 

CCI2P13/aO, C12RX:38) (C12P13yO0r C12R1 ; 465)<CI2P13/00|. 
C12R1:645) (C12P13/00, C12R1: €S) (C12P13/00/ C12RI:66) 
(C12P13/00, C12R1:72) {C12P13/00, C12R1:77) (C12P13/00, 
C12R1:785) {C12P13/00, C12R1:80) {C12P13/00, C12R1:84) 
(C12P13/00, C12R1:845) 

(According to Intamational Patent Classif icaticn (IPC) ozr to both national 
classification and IPC) 



Fom PCT/ISA/2 ] 0 (extra sheeO (July \ 998) 



19 



EP 1 452 603 A1 



INTERNATIONAL SEARCH REPORT 



[Qtematioofl] qppllMtioo No. 

PCT/JP02/10312 



Box 1 ObserviitiMi where certain clains wcra fouod niuearcluible (Contliioalloii of Kem 3 of flnl ibeel) 



This istenuLttOBBl seaicb tefott h» not been established in respect of oertidn claim under Artkle 17(2Xa) for tiie fbUowfog ressooi: 
I. 02 Claims No&: 

beoBUse they relate to sutgeot matter not reqiured to be starched by this Authorit/t oamely: 



I I CkfansNos.: 

bocanse they relate to parts of &e intematiana] application that do not comply with the prescribed xeqoireanDtB to susb an 
extent ibst no toeanfagfU inlsniatiooal scardi can be catriM out, specif^ 



3. CtelrosNos.: 

because tb^ are dependent claims and arc not drafted in accordanco with the second end Ihird sentences of Rule 6.4(e). 



Boi D Observatioru where unity of inventioa Is facUog (Centi&natioa of Item 3 of first sheet) 



This Intemalional Searching Authmlly found multiple Inventions In this international applloation* as follows: 
Claims 1-9 include two inventions, i.e., an invention related to a process 
for producing optically active 3-hydroxypentanenitrile by making an enzyme 
capable of catalyzing asymmetric reduction act on 3-ketopentanenitrlXe as 
9et forth in claims 1-8, and an invention related to a process for producing 
stable 3-k6tcpentanenitrile alkali metal salts as set forth In claim 9, and 
3-ketopentanenitrile which is the main feature common to the two inventions 
is a publicly knoti^n cc»npound. Further, both the inventions are not considered 
as having a special technical feature in common » Thus, the inventions are 
not considered as being so linked as to foria a single general inventive concept. 

1 . Q As all requhtd additional search fees were timely paid by &e applicant this iatenutional search report covers aD searfibahlo 

daims. 

2. Q As all scaitfiable cbsiBB oould be searched without effort justing an additional fee, tUs Authority did not mvitc paymoit 

of any addhional 

3. Q As only some of the required additional search fees were tinusty paid by the applicant this iaternfttional search npcni covers 

only tiiose daims for which fbes were paid, spedftoally claims Noa^: 



4. No required additional search fees were timdy paid by the applicant Consequently, this international search report is 
restricted to the izrvendon -Srst mesdoned in the clmras; it Is oovered by claims Nos.: 1-8 



Renark qo Frottst ^ } The additional search fees were accompant ed by the applicflnt's protest. 

I I No protest accompanied the payment of additional search fees. 
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